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(54) DEVICE CONTAINING CONTROLLABLE THIN-FILM BULK ACOUSTIC RESONATOR FOR 
AMPLITUDE AND PHASE MODULATION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a low-frequency 
amplitude modulator or a low-frequency phase 
modulator by using a controllable BAW(bulk acoustic 
wave) resonator, which shifts the resonance frequency 
according to the applied voltage. 
SOLUTION: A BAW resonator 102 consisting of a 
piezoelectric layer and protective layer electrodes, etc., 
is constructed on a substrate by means of a prescribed 
material and process. Then the resonator 102 is built 
into an amplitude modulation circuit 91 as a modulator. 
When the modulating low-frequency signal, which is 
produced by an oscillator 96 is filtered by an LPF 98 and 
an RF choke 100 and applied between the electrodes 
102a and 102b of the resonator 102, an electric field is 
generated on a piezoelectric layer. 102c and vibration 
time-wise varying according to the signals is produced. 
A prescribed RF carrier signal that is produced by an 
oscillator 90 is filtered and applied to the resonator 102. 
The carrier signal is attenuated by the resonance 

frequency, as well as the impedance caused by the low-frequency signal of the resonator 102. 
Then the amplitude modulation is carried out In a phase modulation mode, the oscillation 
frequency of the oscillator 90 is set almost equal to the parallel resonance frequency of the 
resonator 102. Then the phase shift is carried out 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of 
rejection] 



13.02.2004 



a. 
O 

o 

LU 
«J 
(ED 

3 

I 

CO 

yj 

£0 



http://www1 9.ipdl jpo.go jp/PA1 /result/detail/main/wAAAffaGtFDA41 01 261 60P1 .... 2004/06/24 



JP 10-126160 

1 



[0018] A bulk acoustic wave (BAW) resonator is provided 
according to another embodiment of the present invention. 
The method is consisted of the following steps: (A) forming 
of a zinc-oxide (ZnO) layer in a selected part in the 
5 substrate; (B) forming of a 1st layer which is formed of 
Si02 in the selected part according to the step (A) ; (C) 
forming of a second layer which is formed of Si02 in a part 
between the selected part of the layer formed according to 
the step (B) and the selected part in the substrate; (D) 

10 forming a lower electrode layer in the selected part formed 
according to the step (C) ; (E) forming a piezoelectric layer 
in the selected part formed according to the steps C and 
D; (F) vapor-depositing Si02 onto the selected part in the 
layer formed according to the steps C, D, and E; (G) 

15 vapor-depositing Aluminium nitride (A1N) onto the layer 
formed of Si02 on the surface according to the step F; (H) 
forming a pattern of the Si02 and A1N, which are 
vapor-deposited according to the step F and G, and 
respectively forming a third layer formed of Si02 and an 

20 another layer formed of A1N; (I) forming an upper electrode 
layer in the selected area of the layer formed of A1N and 
the selected area of the piezoelectric layer formed 
according to the step E; (J) removing the ZnO layer formed 
according to the step A to form an air gap. 

25 

[0024] The phase modulation of the carrier signal can also 
be carried out by using the 1st and 2nd circuits described 
above. For the purpose, the circuits operate similar to 
the case of amplitude modulation. However, an RF carrier 
30 which has a desirable frequency approximately equal to the 
parallel resonating frequency of the resonator which is 
connected in parallel is generated for the 1st circuit. 
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This frequency is a frequency to which the resonator obtains 
the greatest phase shift response as a result of the effect 
of a modulation low frequency signal to the resonator. 
Therefore, if a carrier signal is impressed to the resonator, 
5 the phase of the signal will be shifted. Similarly, for 
the 2nd circuit where the resonator has a serial connection, 
the RF signal which has a frequency approximately equal to 
the series resonating frequency of the resonator is 
generated. This frequency is a frequency which responds 
10 to a modulation low frequency signal to cause the 

above-described resonator, to produce the maximum phase 
shift. In the manner described above, if the RF carrier 
signal is impressed to the resonator, the phase shift of 
the carrier signal will be generated. 

15 

[0054] The next step of the production process includes 
the operation which vapor-deposits Si02 (e.g., PECVD method 
using Si02) onto the part as which a selected area of the 
2nd ZnO layer 52, a selected area of the Si02 layer 48 ? , 

20 and a selected part of the 1st lower electrode section 50. 
Then, in order to form an etching stop layer, A1N is 
vapor-deposited onto the Si02 layer, which has been newly 
vapor-deposited. Next, by using the 5th mask layer (oxide 
protective coat (oxide passivation) ) , newly 

25 vapor-deposited A1N and Si02 are formed into a pattern by 
wet-etching in the inside of F plasma. Then, as shown in 
FIG. 22 (a) to FIG. 22 (d) , the A1N layer 56 (see the black 
line) and the 3rd Si02 layer 54 are respectively deposited. 
The FIG. 22 is an explanatory view showing other examples 

30 of the resonator of the present invention. The FIG. 22 (a) 
is a cross sectional view of the F-F line of the FIG. 22 
(b) , and the FIG. 22 (c) is a cross sectional view of the 
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G-G line of the FIG. 22 (b) . Moreover, the FIG. 22 (d) is 
the explanatory view expanding to show the area shown by 
H in the FIG. 22 (c) . The 3rd Si02 layer has the thickness 
of 300nm, for example. The A1N layer 56 has the thickness 
5 of 500nm, for example. In order to ensure that the 1st lower 
electrode section 50 does not receive damage, it must be 
cautious of slight error etching to be occurred. As the 
result of the pattern-forming step described hereinabove, 
a part 52a of the top front surface of the 2nd ZnO layer 

10 52, and a part 50a (see FIG. 22(a)) of a top front surface 
of the 1st lower electrode section 50 will be exposed to 
air. Moreover, due to this pattern-forming step, a part 
of the layers 54 and 56 are removed, and a part of the top 
front surface of the Si02 layer 48' will be exposed to air. 

15 For example, with reference to the FIG. 22 (d) , the side 
surfaces 54a and 54b of the layers 54 and 56 will be formed 
according to the pattern-forming step. The side surfaces 
54a and 54b have only 30 /zm distant from each other in a 
horizontal direction. Therefore, openings A f andB 1 (also 

20 referred to as "etching windows" ) will be formed in the both 
sides of the piezoelectric layer 52 of this configuration, 
and a part of Si02 layer 48 1 top front face will be exposed 
to air. 

25 [0055] It should be noted that the dimension ratio of each 
part shown in FIGS. 21 (c) and 22 (d) is one embodiment of 
the dimension ratio of the configuration of the resonator 
in the present invention, and it is not limited to the 
embodiment described above. It should be noted that even 

30 though the dimension shown in the FIG. 22 (d) describes only 
the resonator part, it is not limited to this, and the 
dimension is to describe similar parts of the resonator in 
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the present invention. 

[0056] The FIGS. 23 (a) -23(c) are for the ease of 
understanding more detailed manufacturing steps . The FIG . 
5 23 is the explanatory view showing other examples of the 
resonator of the present invention. The FIG. 23 (a) is a 
cross-sectional view showing the I-I line of the FIG. 23 
(b) , and the FIG. 23 (c) is a cross-sectional view showing 
the J-J line of the FIG. 23 (b) . The 2nd layer parts 

10 (hereinafter, also referred to as the "2nd lower electrode 
section") 60 of the upper electrode 58 and a lower electrode 
is formed by forming a pattern of the molybdenum (Mo) by 
(a) sputtering a selected part of the 2nd ZnO layer 52, a 
selected part of the A1N layer 56, and a selected part of 

15 the first lower electrode part 50 with Mo, and then, (b) 
etching in the F plasma using the 6th masking layer (not 
shown) . The upper electrode 58 and the 2nd lower electrode 
section have the thickness of 300nm. Then, a selected part 
of the Si02 layer 48 1 , which covers the cushion section (for 

20 example, cushion edges 44a and 44b) of the 1st ZnO layer 
4 6 is removed by deep-etching . The 3rd Si02 layer 54 remains 
to be protected by the A1N layer 56. Next, a protective 
photoresist is removed in the oxygen plasma. The following 
step includes the process which forms beer halls 41 and 43 

25 (see FIG. 24 (b) ) by the forming a pattern after spinning 
beer halls 41 and 43 on a protective photoresist and etching 
beer halls 41 and 43 in the 7th masking layer (not shown) . 
The FIG. 24 is an explanatory view showing other embodiments 
of the resonator in the present invention. The FIG. 24 (a) 

30 is a cross-sectional view showing the K-K line of the FIG. 
24 (b) , and the FIG. 24 (c) is a cross-sectional view showing 
the L-L line of the FIG. 24 (b) . 
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[0057] Next, by performing sawing between chips or between 
wafers as required, a concave is formed in the shape of a 
dice, and then, a photoresist is removed, for example in 
an acetone. Moreover, with reference to the 24 (a) to the 
5 24 (c) , an air gap 62 is formed by removing the ZnO layer 
4 6 after etching opening A 1 and B' in diluted HAC+H3PO4 . 
After these steps of manufacturing process are completed, 
the operating characteristics of the resonator can be 
examined using a testing device. Moreover, a part of 
10 molybdenum can be removable from the upper electrode 58 and 
the 2nd lower electrode section 60 by etching in F plasma 
as required. After the steps described above are completed, 
a wafer can be formed into chips by cleaving along the 
concaves formed according to the step described above. 
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A. C<!)«^©l»tl/"C*»S©PI«H««:«|||4 4 

(4gr*EM«5H©*i£:. ^{t-r*m#^^cs-si. 

*B#P^ i t fetc^t S if * i £ fc K:*JgS*S7S-r > f 

-tozzmattbicgMtzMi. c^ttcmsu 
TRF+tu+d^©^^, ^KtifeK^fc-rsa 

KVmSlZhiCtttj:*) (Tftb%> C©fl^tt, « 

faK^Lt^k-rs-s-^A^^is*) . zomgktb 
rffis* + y +mmfiWa$&l 3 *ifc c £ tc ft * . 

[0 0 2 3 3 »2©0gg«Sl ©@!g©**i£PI«©S 
3&*>6fto-CV4W*i£*fc. ^ISMSftltiaKA'CgGII 

\ •fKSJft*fi»&r*RF5 L 3-i') jWBHHCdftiTH 

i**-csft^ri»i. ^2©[5iB4>fi#=S:}ifas^ir 



^EKJ:^T»rtStl&£0llioa«S*lfc«»4K:±« 50* T |'[0 0 2 4 ) C©» 1 *iJ:WII2(0BBtil>t+t^ / 



i | tc. v^smmtwmmi(ovii>^tumcmrfh. l j j 

j I *RF**y+#«4r*. c©jg«&«. S*iSgtt , 

i ,{i«u^Jism?rW-r&RF<t#3i)^sns. c©s j j 

\ ^g^ZJl i& ^jili--_------ — - - _ =Li 

MO-O-2-5-]- 

[ 0 0 2 6 ] H 2 tt. ^«a^W©-9EttKtt(ctt 
oT#^3ftTi>S»«/<**M*fc£f6S («T. 20 

TBAW^JgSj £fctt TFBARJ 410) 2 0£jjs 

f«l»fffi8il§BlteJ;Wffli(iMBI-c*S. 02 (a) 
k. 02 (b) wA-Amwmmwm-ciSbZ. baw« 
®S2o«. ESJ12 2. mi«sn3 8b. gi2«s 

138a, ffTlfiffi24. 3l2filg26. M28. x? 
?>^40a. 40b. x7=F+ ?:/34. fc<fcO'S 

«3 6*>f>&-?-t:u.5. Emii2 2©-s&#t;tsn*8 

2 4 ©±Kfig L . SB 2 ttffit£E«l 2 2 ©-SMffl± 
tC&S-f*. C©«K> ^@2 4*J«fcD'2 6ttW«fll 

jfifcJ&SOT**). •e©W'CE«JH2 2#Aft*fcK9l 30 
i&T a c 4 *5f t £ J: 5 cc ti -3 r c> -s . 

[0 0 2 7]E®i2 2tt. fc4;Ltf&{t#ia(Zn 

o) . sfcB^tT^sx-^A (a 1 n> *?©, mmt 

rfc«fc^. 4&«0#£U>%fflHMrCB. EHH2 2 
ttttl. 7/im©l?S*fl-r*. 
[0028] 3U*$J:0'ffr2©S&24, 2 6li, ?ci 

(Au) if©. ^ft««R©imttwirws 
$nrt«fcK mi*$J:o*»2©mfi2 4. 2 6«. s 

*?£L<«0. lMm©)?§%Wt5. 40 

[0029] £ ( r^ij»j?j r£j*nj ifco 

5) 2 8B. l-5*&BWS©Ji*6a*C4*cc# 
•5. ^HOffS U>JEMdMt-C». M2 8tt. #5j0 . 
6 um©JI§©_kJf3 04, $J0. 4wm©/53©Tlg 
324. •^ft2o©)S*^&-3't:i>5. JJI30tt, 0 
2 (a) K^§ftTl>SJ:5{tgiim«2 4teJ:tfEH 
®2 2©-^48fc t l,'Ct,>S±S*m£*rU TJS3 2 

©±k*s. ±)i3o«ji?SL<«!i<';-> , ;3> (po 

1 y-S i ) S/cli^bT^Sx^A (A 1 N) 

>3. TJS3 2 «tf£t,< BTWfcdr -fJR (S iO.) S 50 



^P3¥ 10-126160 
8 

fcttMb#''J9A (GaAs) L*)>U Cti 

6©lg£f6©toffl&*®i!§fc1&1jr«j£LT *> Ja>. 

[003 0] K2 8©HS©-a5^{ix7=t ir +2'7 , 3 4 
KHSl/TteO. Sx7*'+f ^tt*«3 6©-8P^© 
«KJgfiS§hTl^. x7¥-fv 7*3 41*192 8©Jgffi 
©*©g&#£S«3 ec-a^fr^atSttTUS. X 
7*+»:73 4 , a:. i?f>^4 0a, 40b 

snrt,^) . mi«si3 8b©-sii» (fgas^-c 

. J£2 8©Jg®. fcitfS^S 6©F*J[g3 6 b. 
3 6c. 3 6d48£8L-a>*. X7*>?7 , 3 4 
. «. E^S 2 2 fCj: 9fl-6ftSft^S:*fi3 6*6^S 

^ (S i ) . S i 0,. GaAs. */ctt^7X«c4*. 
4'©^«S&tW*6Tt>«fiSl/^ *fc©r*a. 

[ 0 0 3 1 ] m 1 umms 8 b a. s«3 6 ©±^S3 

6 aix7=ft vJSAO-ZmtZm-i-C^Z. M2 
S313 8a». 02 (a) isJ:V2 (b) 
«t-5(C. (1) JilHStlJf 3 8 b 4. (2)M28©- 
35^4. (3) ESS2 2©-a5t&4. (4)±««S 
2 6©-gP»i^So-Cl^„ x,?>yi40a, 4 
0 b. fc<fcyt^l*jJ:C>'^2©*®2 4, 2 6©— 
«£S»Ci*P,;**VCl>.5. }f*L<ti. 01SSJ13 8 
httSiOW^nsTO. 4(/mODfS4WU 
^2ffiSP3 8 attS i 0,^P>iSori»r0. 2 am 
©/?$^WT^. 

[003 2] 02 (a) is£V2 (b) *«ttWtitt» 
frZ&'ytC, ijf^^Oa, 40b«®28©M 
ffl-C , ^lfc<fcc;il2«^13 8a. 3 8b©*{c}fM$ 
*VCl>&. i^>?I40a, 4 0 b«. ^«gS2 0 
©WB*Kffi6 . B©)i!!»^1g2 2 ©±«:^.#S h 
fc^tC. i7f>^4 0a, 4 0b*illyTSS3 6 

[0033 ] *^0ft©ttfttCffio?. Ifi36%i 

7-6 2^-5C4*5-c*5 0 02 5 B. *^©^H 
CD|fi<!^llUNI«^ a nit9!Hr«&. 02 5«CteC»r. 

02 5£#M-$-£4. 02 (a) {C^Snrt^fc©4 
(KTl^BAW^|g2 lAiTnSn-C^-C. «ffiB3 9 
#ittll**iTt»S. *JiS2 l©$«3S*fC)g2 8A^# 
Sn*l»fc«ttJI3 93jiWR3 6©±WII»3fi*. « 
^S2 l©^T©BA50^Shfcf^C. «tt®3 9«x 
-^?>yS4 0a. 4 0b£jIt,TI&£SiVCX7¥i> 

^7 , 3 4*5jf^sna. c©«K-rn{f. ir*t^ 

3 4 fcfp* /ttoica«*x 9 {ft Ssttgiaa < j4 

•5. Sf^T. fc4^.tf. S i 0,. GaAs. ^/v^. 
[0 0 3 4 3 £!gg20. 2iog< r (c^-c, JUlb 



(6) 

9 

n6©SUfc«fcO t SI2©S@2 4. 2 6fatC£##40 
•CE.WS22ZWm$\iZ. EmS2 2K:j:9ft£ftfc 
fSJittB. iTOtsTl>SJE*j|2 2*>£Ite>«3 0. 
3 2 4ji->reST*. I28ii7*"f; 73 At® 
IB©*IHCiil,fcSft». CO«fftCj: QR2 8 ©#•% 

KStsn*. c©®jcl-c, x.T*r+-y-73 4imnm 

2 2 KJ: »>ff &hfcfi»*»«fr 61MH-S. 

[ o o 3 5 3 02 6 b. *m}v>gimo)itii®mimm 

tmtWmWZ&Z, ®2 6l,cisi>X> m2tWI-OB 10 

W©SS©f6©*ftJ8«TB. B A W^tgS 2 3^3 
ira>£. t©Wifl2 3B. H«aiCDIIS6«S^©-ehi 

«Ti»s«js*fcoro»*wn£fe. #-©£§(13 8 

(S2 5#J®) *i#S5-5-7 0iatr8Si6titl>S 
i-CS&o-CfeiJ. C© : SS5 5-BE«12 2(C<fc0 
ft6ft;fctIli£S«3 6frt>nW<MC1imT?>. C©£ 
SB 2 31* r»EK8l»)#»%nfc*«B (Solidly Mo 
unted Resonator(SMR)) J 4fet<>5. 20 

[0 03 6] ft$H3 8att. fc£*«0. 2ym©J|[ 
SOSiO>%tt*. «»5 9-7 0ttloJ&U:©Ji 

i7-7 0iJ3-2©l, T&fc%iJi7 0a. $(§7 0 

b. fecfccrfM? o c ia»©Ji*«wrt 

J:t>. SJ17 0a. 70b, 7 0ctt, ?cii«, Kg 
©H^-tC«K3Sfl,l»Jf S**tf5. #|S9!©J?4l/ 
l4Ettffi|-Ctt. ±JB7 0afc«fctrF)I7 0cB, fci 
AB. *<fjft (Si), sHyj/U3>. T;U5-^A 

(A i) , *fcB#y7-ftto. ^s-ot-^x 30 
©fib*tm?4Mt3ti&. *»W©ff* U'SaHBttC 
B. <WB7 0btt. fc£*.«. & (Au) , ~*'J^f r > 

(Mo) , SfcB*>yxf> (W) tti*©. -£84 > 

©-C. *B7 0b©#as^>t'-^>XiJ±li7 0 a© 
«-f>e-y>^J:9^*l>. HSMe. *H7 0b© 
#§H>e-#>;*BTJI7 0 c©£*g-Y 
<t E®12 2#|gt!rf •&<!:£. -€-n(CJ:»)4 
CfcfiS4BJB7 0a. 7 0 b, 7 0 c (Cj: ->T*fi3 4 

*6*watc«»3hs. c©a«:aaftWMisns© 40 

T. *&3 4B. fci^B, Si, S i O,. Ga A 
s. #5**fcB-fe? 5 3 *#&&£'©-f>tf-y>X 

[0 03 7 ] BAWSSB2 0B. ii!3t-C& 

llK-r*t>©-C*5. Sfc, C©£!6iSB>h3S&©-C, 
■5 x -m±(c a »■! * h % Wig© u -f 7 9 h *W* 5 

[0038] *^?§©SiJ©WtJS«-CB, *HS8 0 # 
Rtfftti*. C©=*«g8 0©«IKH*«H3icfl*SftT 50 
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t»*. B3». *HW©ftmg©ffl!©^iSSS«*7n1-»r 
®i»S80-C*S. &ffig8 0BE®I8 2£WL. Ch 
KJjmi8 4©-gB#£Ttt!]Sffi8 6©-S$#£©H 
fcftg-rs. MM8 0U. JBt8 8£, fcf7*-;U9 2 
**-J-*«R9 0 4*#J"«. 188 8 B, ( 1 ) TfflUH 
^8 6©JSffii, (2) Em® 8 2©J£M©-£|5#£, 
( 3 ) ±iff]mS 8 4 ©ffl©-a5^i {CgSSg-f £±*ffi 

«rra. «8 8©jSffiB. s«9o©±^Bi, 
9 o ©tffcjgfissn-ci^ 9 2 ©— gp^i K 

BWLTl»S. «SHI8 0©^fflilHlfil*Sia4K:^3tiT 
US. B4t2H3©4HGBB*CTl-tt9lH-Cft£. H4 
&cfeux. Lmtt-f>^*>X, Cm. Cottgi, 
RBffitafcjtf*. 

[0039] #SB8 0 0 iflMMCfp 

MO. Cti6?ij#©8g#fx7Y>*--:7x-;* (T4 
SJIS2 0 (H2#JS) OxTft? 3"3 4 4* 
tlg8 0 (H3ftjffi) ©K7*-^9 2) {CJSoT. * 
fl-etUDEWl 2 2. 8 2 icj; •) ftfc*ifc ; t8JSl&££ 
Cftk©&ilfl2 0. 8 0©£&^j£B. ^ft 

fctAB. ^ssooHBiim tro 

*9IMI3*VC±»M8 4. TllimS8 6, Emu 8 
2. fcj:tf]g8 8©&*JWftSStifc«, er*-A9 
2 4^fiS-J-Sfc»{CSfi©-W^*s3^9 0©T*>6x 

[0040] H 8 8 B, fci^B, poly-Si$/c 
BS iO.-C^fiJSn^S. ESS8 2, S@8 4, 8 

6. fe^yssgoB, «}is2o©-en-en©Mic«-r 

2©1?--fXB. *Jig8 0©*iSS<bS«9 0©Jl$4 
(CtR#T-5. fciitf. «J1S8 0^2 0 0/Ltmx2 0 
0<im©^Ha5rt>-3rL»r, SS9 0*55 0 0 nm«D 
^3©S i -C«|fiX3n-Cl,>£BM>. t7*-;l-9 2© 
*ffi«BB«9 00/imX900 /ieTSS. 

[0041] Hwsnri»&(,»*«w©ft©*«s»K-c 

B. ^S8 0iR0fi**Wr*^S*^Sil 

L^b, *^©C©^Jfe^|-CB, JHBR»6ti 
f. Tfflm@©i£ffli. EmJI©jSE©— SP^i, ±ffi!l 
«Si©Sffl©-ffl5»4BS«©±«Bt tr7*-;i^ 

[0 04 2] 135 B. *^Bj©ftigg©3 ^tcffi©*ife 

«g«^-rtft?gat , *»), &ng8 0' b. ±fflimS8 

4' , Em@8 2' . TWJmS8 6' , fcj:0-«fi9 
0' frfefto-CfcO. C©g«Bfcf7*-;U9 2' 4K 
(*«9 0' ©5%±T#i6l©J¥ S^SK Sc-s-CO^SP 
5» 8 8' i%WT5. Ctl ffiWWK. * 

us o©^n^n©»ir.t-ssjR<!:i5i«ccieg3n-r 

Bt>SWni't>. S8 8' »«©, EH18 2' © 
-SU^iT«iJmffi8 6' ©-SP^i©TtC{4g-r*g|5^ 
KJ:-9 , C»«Sn , Cl»5iS'Cl*Rttr>ri»&. ^8 8' 



(7) 
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T#><E.Sffi*m*i » tft Z C b K <fc o -CSfitf 14 
*&**St£tCj:o-C0JiS<*ft*. l/rf»U K8 8' 

mmo' ©. e^hs2' ©-sis 
3©^gg8 o tmmiamrz. 

[0043] -t-C<£.%\t>tXX^ZW&<D*M% (fct A 
*. 2^©JM*©*J6«R». *&foWJ«BSfc» 10 

-T-5tm©^if^>f-^>^i(cj:>3ai*5 0 fc4A 

[0 04 4] ttc, <si*fHi-f>fcr-y>^*w-r4*f 

tctX\t, 02 (a) fcjji;S*va>Sli3i4 
^©fiiaSfco-CUT, 2itm©if$©Zn0^6« 20 
-5ESI2 2 4 0. 4ym©JlS©S i*>^&ST13 

2 4£w-r-s«fiistt> m«©ttf4^6Jtc-5-ci»^wn 

£6 0. 4wm©»S©S i 0,*e>aST)B3 2*W 

•r*^HiJ:»)i»i»«aak-e*«f*. *ti«. si# 

SiO,J:»MBt»MY>K-*:'*** , r*©r, SE 
*- FOflfttWS i HJ-CttS i o,*j:»)ac»afiirai 

[0 04 5] *rc. f6©*»S4it^-cm>EWH4JI 

(effective coupling coefficient) Wftht 30 
tt>lc. M^*^*h*±Ttt©2«MJ:05:<r»tCifi 

\.*mmffittb£vwmsmim*m*&. to* 

5 
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:*a*»©r*s©r. *^?s©BAW^g*iffls/c 

[0046] #?SW©B AW*|gg«, **. 3«yi3§ 

[0047] cti*?K*mi<offlkzi!kot>>muc 

wt-rizwcobtriHPj-ri. H2o». si**©* 
m,(o^mm>-m^m-^mm-v$>h. 020 ( a > 
1*020 <c) oz-nmmmm-v&n. 020 

(d) «gI2 0 (c) <DC-Cffl8ffiWmWV&Z>. s 
S4 2 £ Z nOJ14 4 4©t>3^5&Kffi:&S7jvS*lTt> 
•502 0 (a) -2 0 (d) £ji.££> C©I*I©tefe 
OX7-y-7'1fifttpZ>. 02 0 (a) iC^SnTl»-50fT? 
tt. a«4 2«^/-7^-C^fi)43n-Cliri 0 0nm©Jl 
SiUlOSUf^tlt, S«4 2 
©_htCZnO#;*;-?v*y>y$*l5. o£<c|&lv* 

*J:5R:. GBSSn-SS x-^©iffiS(Cf£:C-Cfc4jt« 
800nm*ol 0 0 0 n m*t?©Jf I"** 
is a >-( cushion) J «BJStrS. •£©«. ZnOti 

^frlcmtth f y Is 3 >f&8B ( * ? 3 >HW4 4 
a. 4 4b#Bw3fva>4) fcJ&Jfc-r*. C©8tct, 
"C. »l©ZnO»44Wfi8S*i5. 

[0048] 

[*1] 





ZnO * y > a >®JM 


211 


940nm 


Z12 


970nm 


Z13 


I470nm 


Z14 


710nm 


Z15 


845nm 



[0049]ofifte % fHlCDZnOJI4 4CD±tCS i O 
, (feiiW, PECVDffifcJrSS i O,) jWR*S*i 



50 



rj&icDs io 2 jfj coMU3Ji4 6«ia 

2 0 (b) fciRStiTt^ ffi^StlS^x^OSS 
[0 05 0 ] 
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[«2] 



(8) 
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y x ' » 




Zll 


240nm 


Z12 


250nm 


Z13 


280nm 


Z14 


270nm 


Z15 


280nm 



[0 0 5 1) -oif<D*f v 7tLX. SSDiJI4 6 4a« 
©aft3tlfcSM*4©±CCS iO, (fc4*.BPECV 
Dj*fcJ:4S iO.) *H»S*r. fciAH4 0 0n 
m©»S*#J-*»2©S iO,J14-8«JglWS. W 

*SSI3ffl«©«T©gl»J©g&&icfcUrB. SiO,* 
<=>itc-5SSEIIB»4 6*sJ:yW484*4«>r TS i 0,M 

4 8' J 4l»5. $fc. 02 0 (c) -2 4 (c) V 
«. ChS>©BU:B-fSl/r#Mft U8' jwsn 

rt,>*. 

[0 0 5 2 ] «JSia©o8 , ©Xf-y ^B. fc4*.B* 
(Mo)^©^Stc^*S i 0,14 8' ©±K 

x-? da-en 3 zmzm^x x •? ? > ^tct o 

fflKflBKaj 4^5) 5 0 4J&dW3. C©^*->ffc 
Xf»7tt. mTffltffaft5 0®ffiB«5 0btfS 
i 0,Jg4 8' ©±*H©ft©iS8i54 8 a^^*^^ 
Kft2 0w m©ffiSf « WPSr 6> h S 5: 4 4 ft S <£ 5 (c*t 
fetl*. COCitt. 02 2 (c) ©H-CT^^nS^ 

ur 5*1-132 2 (d) **itrti« 
ftfri.m rm&mm 5 0 ® jraottwctiurr 5 

SiO,)g48' fc, jflgKHtCTXy^I/y-f SC4 

■f) rUllTffiiJ1S®8l5#5 0*Sg5C4fcr#*. 
[005 3] 02 1 (a) -2 1 (c) ZgMtZ. 0 

2 1 b. tt*4> ©*BW©^s©fife©w*^-rsiwa 

r*S. 02 1 (a) B02 1 (b) ©D-Di!§»T®& 
War* "3. 02 1 (c) B02 1 (b) ©E-E&Br 

fflKWia?&«. ifozf-vft*. jfiTtmBKft: 

5 0 4S i 0,JS4 8' ©SiRSnfcSC^iOiKligS j 
r Z n 0£*>"i ? * V > iff *»ffi*dtr. otffcJIU 
•^^fli^fflor. CCZnOS 1 )! •? bXf 9^{f~C 
/<*->ftb"C, fciAB2 0 6 0nm©«34W1- * 
H2©ZnO!52 (rttfc*. ESI) £J&£fS. 
C©><*->{t*f-»:/tt. SfS0<B. H!2©ZnO 
Jg5 2©±^S*i. fc4*B, 4 00 am ©«§£*?* 



CiiSCSiSCCfTfcfl*. 02 1 (b) ©*{1S©E 
. -E<g»*£7jVf02 1 (c) 4*a*Tn«C©C4*s 

B. *&2©ZnOJI52 OCT* A&flKDft®*(£K* 
*>6«3e©B««tfHI"C 6*ifc««*#r * C 4 4 «r S 
J^tctffehS. fc£*tf. 02 1 (c) 
20 4. J82©ZnOB5 2©»8B5 2bB. S i 0,(14 
8' ©ft©«SP48 a^P>*¥*(6)«Ci^4 0 /jikDIEI 
/cWPSfc5C4 4^*<i:^{c^(K$nru*. S/c> 
4*B. 02 2 (d) **>5-S#M? 3 4> JfT2©Z 
nO!5 2©Jg§|55 2bB > % 1 TMmffiSftfJIS 5 0 © 
HBV5 0 b)!pP.*¥^CC*t)2 0 jimeEttttWVft: 
. 4c&£«r*J:5fc»J«S*ra,»S. Ste, miTflBS 
WPa5 0®MBS5 0bUS i 0,(14 8' ©£©» 
SP4 8J>A>^M^ 

30 r pTf054T»ISO-3*©^ f » ^B. S&2 ©Z> ii 
OJg5 2©gfRSJT,fc8|S#4. S iO,B48' ©iSR \ 
§ 4 . Hi TflWSffi§P# 5 0 ©8JR 3 titcSlft 

4©±KSiO, (fc4^.tf. PECVDffiCCfcSS i I 

o.) *jt*-r*fj**£t». *©a. i>?>wf I 

^7*®^^ Sfc«t)Cc. trtetclMrStifcS i O.HOi 
(CA 1 NtiKftStt*. r?«fKJI5 0vXi'Ji (KfbfJ 
&S0t (oxide passivation) ) gJBk>r. 8ffc{ca3fj 
$ftfcA 1 Nfc.fctfS i 0,*F^5Xv4irO»>a7 I 
bx-y?>?K.J:r>-Crt$-l'{tVC* 02 2 (a) 4 
2 2(d) K^3tiTt>«J:9lC. A 1NJS5 6 (£& 

o©ii%#M) 483 ©s io,(i5 4 4%-enf , n^| 

ttS. 02 2B. Siii*©*^©*^©^©^^ 
-fl&W0r**. 02 2 (a) B02 2 (b) ©F-F| 
miWtifflm"C*>*). 022 (c) B02 2 (b) ©G 
-GWB\m$m®-C$>Z. 02 2 (d) B02 2 
( c ) ©HTwShSflWiJiWci/rwtiftWHr* 

83©S i 0,(BB. te4i«, 3 00 nm©^S 
j =&WT^. A1NS5 6B. ?c4^.B. 5 0 0nm©Jl 

I z*m*z>. »iTflwm«»5o*jyy-y**wft,/ 
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tcjfiSf &(,» C 4 ccffii L/ fir tfftttfir 6 fir (,>. c ©a 
Sf-MbXf-v^OteSl^r. !g2©ZnOJI5 2© 
±^ffi©-SP^ 52aill T«H#S$# 5 0 OlMM 
©-3|5#5 0a (02 2 (a)#JS) £#£SUC3 63' 

d. J15 4. 5 6©-S5#j«£3ftT. SiO,JI4 

8' ©±ilffi©^##£SifC;?£;S*v£C££fcS. 
fc£;ltt. 02 2 (d) £#JS-f&£. C©^^->ffc 
*rv7"tCj:-3T, If 5 4. 5 6©ffl!jffi5 4a. 54b 
#tBJ&?tt-5. «154a, 5 4bBai^*¥^tc 
ft3 0<zm©ffigtft:WPg)t-ori^. fiEoT. HPgfS 
A' teJctfB' ( rx^^>^J £U>5) #C©$ 
3*©E^S 5 2 ©PafflKcJfMi* ft :C. S i 0, H 4 8 ' 
©±aE©-IH5»* 1 ^{C § £ 3 tlZ C £ (Cfit 2> c 
[0055) 02 1 (t) H&V2 2 (d) IZnkStlX 

©TttfiU*. -fmm22 (d) Km<**rtt,>£;£JIS§ 

©sp^^tco^r^snri^wni'fe^ -ens.©^- 
Stt02 2 (d) K^$ftri>fir(,>ft^©g$W>g|&# 

[0056] 02 3 (a) -2 3 (c) 
ISjgIfl©;*i5firSX-f ? 02 3tt. 

*©$#6iK©£$S&©fl!!©m^T&W0-C&*. 02 
3 <a) tt023 (b) ©I - I 1$ffiWJSiWmX' $> *) . 

02 3<c)tt02 3 (b) ©J -JigKMittB^S-C* 

s. ±flPjsfiS5 8iTfflij«s©m2)iaj» (ot. rsr 

2Tffl!lgSSI5#J £l>5) 6 0£tt. (a)»2©Zn 
OJI5 2©3SiRSftfcg|5#£. A 1 N@5 6©jMIR$tl 
tcmt . ft 1 TflMS*ft5 0 ©«tR$ttfcg|S#£© 

itcty^v (Mo) *^/N , -?* , ;>yL- > (b)i& 

6-7X*J3 (07jvg"r) SfflWF^Xvititi^ 
5 C £ (Cfc <3 . X^ ;> £ >/> y§ ftfcM o £rC 

f-Xb-r-scitci-^r^sn-s. ±fflis&5 8 

i. »2TWSegP^i«. fc£*tt. 3 0 0nmOf 

3 -5-©f£. mi ©ZnOJ14 6©i'^>'3> 
(/<:£*«. ??->3>i&354 4a, 44b) 

-C^-SS i0 2 M48' ©^Stlfca5^5gm» (dee 
p) xyg^^tc^SfcSiJftS. Sg3©S i0 2 H5 4 
ttA lN»5 65Cj:oTfiSttSftfttf*. ogfCc&g? 

* h u^x htfwm-77X-?<p~emi;$ft2>. of?©* 

7vX£Jl (0^jvtff) T©xi;?>y«:J:S^©/^ 
->{b£Ttf7#-JM 1. 4 3 (02 4 (b)#M) 
*#JSW4fl**£tr. B2 4«. 9WP®*&m<D& 
m<Dltl<DMZjfitmA®-C$>Z. 02 4 (a) 1102 
4(b) OK-K«KB»WHr*»). 02 4 (c) « 
02 4 (b) ©L-Li^»rffiSiW0-C**. 
[0 05 7] OffKigvgKJoC-C^y^FaiWi^x- 
^•C©C?|#«f^Ci (savring) K«fc ») SU©Stt 



(9) ttHWl 0- 1 2 6 1 6 0 
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i?X h£Bfe&TS. */c. 02 4 (a) ~2 4 (c) £ 

mm- it. «*LfcHAc + H.P0, 

A' , B' ^i^f^mcilCfc-jTgl© 

ZnO)14 6£|&St,rx7*>?:7"6 2£^ 
fiSt-TSo «i£ie© c ft f> © X f -7-^7 L fc». K 

i^Krc#iw©iH¥«tt*»» , r « c £ a»t?* a. * 

i tc j: r * ^^>©-gP4±fflm@5 8 i» 2 taw 
10 ^ffiSP»6 0 4^6^*Tsci*i-ct5. cn*>©x 



/ / 



[T0"0^"8T^"SfK*«WOS!©«»«COtrcillW-r- 
IS. fc£ *.«"=! Vt^S?©. flEE&fi^fcW-fSIl 

! C'U 7 ZlfitM P>t\Z> tmtt S i !<> ^ C £ #*0fc*l 
jrt»5. -€-©8l«:20©|51gS<3r)W@6toJ:C?8«:^3 
I ih-C(,>5. fc£A«. 06 tt, *SS1 1 4te«kO*tfe8iJ 

20 is^-i 1 6immtcim2tix\.>z=i>7 : >-ti 1 24 

' St?fii*©|51K 1 1 O%^-ri«BJ0-C*5. 08 tt. ^ 
!SS1 1 4©l?tfiIgS£iI9iJ{cS^sn-c^S3>7 c > 
if 1 1 2 ££tfge*©0S8 1 1 3*jjT-TSiB^-c*S„ 

Settings 1 10.11 z<m%.ws.^<fi/ j * 1 1 
j2©DCA^rx^{b§-a-5£. it5>Jtc^$nrc» 

jS^^f'^f-l 1 2©^ + ^V*>X©fii!!»s^b-r5. 
££'*<3. *HS1 1 4©^Hi@lf8gSS CT«:b%. it 

tt-5£©ffi%wr-s. se-p-r. Biriems©* 

WBWt^kBSiLriraMttEaVf'i/^i 12© 
d c rxomw&o&st ur^c & £ t>5 C £ 

[ 0 0 5 9 ] HSS 1 1 3©iS?iJft«lgj^F s ?r^© 
\ \ [006 0] 

I j F s = 1/ (2 • P i / ( L s - Ctot) ) 

I ' c ct. l s \tmm 1 1 A:(nmmM%m$wmttWi 

40 ! U C t o t(2^SSl 1 4©^ffl5]ISit5>j3>7 ; >-!J- 
j I (Cs) £n>f r >^ (Ctun) 1 1 2 £©iffl*^t> 
i ■e*+^J/*>X%«L > Ctot=Cs - Ctun/ 
! | (C s + C tun) 

: [ o o 6 1 j itrnm i i 4 <MgM#mm&&& i 

i iSSfe-ctt. ftti^i l 4ttn>f r >-y-© < fc5(cSSS 

|io. i i 3®mmwmmL*jm&i 1 4 ©^4* 

50 tUOgt^f? h$if^C£tt-C&%C>£lOC£ 
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[006 2] 3>f»>-9-ii»«tca«3hri>S#» 
ZG-rZ®dfrD0Wm9lc^2tiX\,>Z. B9B. a> 
1 2i^JKg^3hri^*!lgl 1 4©^ 
flSK«r^tfS£3fcOllB 1 1 3 a*m?mi®'C&z>. 
C©BBl 13aOftigSl 14B. ai/f^l 1 2 
fcDC^-CT^^Wen^ *©fiH:iUT©SE*s& 
{RSI 1 4©ffi«aWK**>4i. -eo^l^^iS^© 

hfcjpf. t©^7 h{c<§Ht/t£JS« 1 1 4B, 10 
^©^#A>froTl>&l>£§CC&fIgl lAifimtt 

<ot imftztm&MsmR&i Lettish, 

[ 0 0 6 3 1 088 1 1 3 a ©£8l#&JI8lktt. *dfH 
1 1 4©!|ttta6jnmtgJl«S[J: , 3ffil-^^^SIP5n 
9*Kafifai,». *©Jiffitt©TRH3&S 1 1 4©it 

[0 0 6 4] c©tftw©ew±. EPjjns^/cmHEJcjtos 

[0065] *?Hli©B AW#9Wtt> 8fc*JIl§©M « 20 
(atcElflJO 3 tilt D C ^ U 7 X«E(CJSS L T . -£©tt?ij 

-#>x*r>:7 C<Dis? httof©4:5«:£ 

EfflJD$*l££ t f©^-f7XSE©ftffl (function) (C 

(EM) ©*{c£CS. *©«IMi. ^qrxSEE© 

Sfttt (mechanical) &WffifflR. #S'j0^>f-^> 

ftot, ^latiittff-rs^j^sE©^^^ 
^dc^V7*se#^s*i£B<&ihcb. gib-rs 

7XSE#^£KEfJ»§iT*4S!m*©^fc1- 

5«E©ttfflR:J:o-c£{frs. -eoM^ibr. eh 
tm»*. BBi^oXffrrsfltE&oftfflKi-a-cafb 

\tlTZ>-i^-^>^mt. 'UTznm*. E«W 

[0 06 6] DC^-fT^SE^tOfctSSi 
L/T, *8H©BAW&HH2. *©£{b-r*'W7* 

[0 06 7] S7*sJ:0'l 0fcw3iTCt>«H»<fc. 0 
11. 12. fc«fctfl 3 4*fc8tf*l«BAW&®g*J 

zmm-rzctwzz. tctut. H7B. #&si so 



i 4 s-'S^-rsuss 1 i o a^Tn-r^ar*^. c© 

WiSB. EPtaSttfcM^xmEWfcgL-C-e©-^ 
f - y > * & 6 pea&g^ra* £ tfBft&ratt 

f 7 H&SGmt. HttK. 0 1 0B. H7 0@tt&H 
«©*H4£jjVfftii31 1 1 4 (fc£*.«, BAW«g 

m ®mm®&z%tsm& 1 1 3 c*^rttwHT* 

5. SI IB. EHftl3*lfcfi©><^7**E (-V) . 
A-f7X«Ei& (Ov) , iE©/W7**E < + V) 

8«iOVK 0#;t/K + 2 8#;H-©/< 

A7*nm tcics-rsftawftiiH-hBAwwaB 

JS«aB9 4 2MHz*^9 5 2MHz{cR 
A. mi lfcfclvc. ^U7^SffWcStDMi 
•*-f. ><Y7*«E#0©i#©tfctllft«l*n. /t-f 
7**EJWE©£*©tt«ttll*-'\ ^-f7X«*iJ| 
©£*<DStMMS*i. ;<-f7*HE#0©«!:S©mtI 

-'W7X*E*J0©t*©®Bffi!fi*'v4L, 
T^T. St*J. ©^tC^ShSS 1 2~1 8«cfcl,>-C*> 
R»KwT. tt*. HI 1HS1 8Kfcl>r. HM (* 
■> Bfitfl (' ) MBmaR (Hz)4S 

t. *fc. HI 1~1 Slcfctvc. IBM (£fl) BA* 

(Q) S^L. H 1 4—1 8(Cfel>r. 
ffiH <£W) Bffjff ( d B ) ■ 1 2 HE. ■ 1 1 

©ftS©-8B»*S0rte») > t<Kl»fti®©. B AW 

«M©»©ww«ac*»»*^y57r*s. B 

13B. HI l©fti®©, BAW*m&<D$jmmi£. 
[0 06 8] #2SS§©gSrofilfcBAWftJIgB. 

©ffl*K«fflsn5*«>©-c**. fctitf. m&&m 

«©i-3*fc»|«Bt. «E*flffli$ns^tiS©rca?)© 

*S. lfl*fc«««©BAWWHi*»l>'C, SH^J 
(rci^B. f a 7M-Kffl). C©ffl^©fc&tC, 

7 y * - * its ams t #&r z c t &x- 1 * . 
WK-^©^its-ciire.nTi^©-c, coffljstcw 

fflSnS^tgSB. ttE7<^*-KStf-3E©flS«gMB 

^ c i©r t s 7 ^ )i z -tej: c;mE»iESs©if ^ 
[0069] ctit>®m&K.tiaz.x. **w#b, ja« 

ftfi# (fcifctf. KHzftl^MHzOSI^) 4BA 
WStgHtcEIJJJD-rSi*. ^^g^ffll^r. ZtiJ:*) 
K(> RF * + y +®^ ; SrigiH^iSSfcB{4^!i-r-£ C 
i*5Tt^Ci*5iStfc„ RF*+y+«#*Ji!lBC 
■*fcttffl*®aWSfc«f>K:BAWft»Bl 0 2jWE* 



(11) 

13 

&**va,»4H«9 1*5*LTt»aHl (a) ifctrt" 

5. HI (a) it*»w©iiar**@B©-iiifflS« 

twIUMBHT**. H3&9 1I*3-C» £36311 0 2B2 

OIOB. R F * + 'J -Ws-*I£$S£;* *4 fc©©£8gg| 
9 0£. »i*7^/Hi-9Z<b. ffi&fflm-alsTlsV 
9 4i3iP6*o-CU4. g2©£tttt. KMBMMP9 
*3St3**&»©iaW9 6t. 8 10 

i. RF^a-fl 0 0i*»6<Cori>S. 23SS10 
2B. fc£;tBH2 (a) , 3. is&UbK.m2tiX\,> 
**ffig©5%©lO<C^©. 1"C(C*D6»tVCI,>Sf© 

[0070] HSS9 1 *ffll>tR FfiHte&mr & 
jCWWctt. 111889 ltt-3ff©J:5»cfHfrj-a. 
%. S&59 6B. JB3t3tifc«PlHIKt)fc-,-C0fS©« 
JE^K^T (ft: 4 A B , - 3 0 h > 0 h , is J; 
tf+ 3 0 h ) £ffcT*3mffiJWMI#*»£Stt 
S„ C©ffil«Mi*aHt&ftfc«. cos^tMS*?* 20 
;l>£-9 8 JCfcoTjlii&Sft. •€-©^CCRF9 L 3-i' 1 
OOKEIlSDStl. C©RF*a-*ttRF«#4»ttr 
4. RFfa-flOOB. £S»1 0 2 fcff-TSBB 
9 1 ©«•) ©8B#K:-e-©<5Hj6M-*t*t!B&-f S. 

[0 0 7 1 ] C©fi«i«SWHBg 1 ©»»>©«»*.- 

jttrta. c©m^©s*iL/-c«si 0 2©m^i 

0 2 a, 10 2 b©R8fcSEE**EffiJll3*l5. *©«EB 
^HUl 0 2©^@1 0 2 a. 1 0 2 b ©H©BE«tm 

io2c©cfK:m»*4i;s-a'S. -€-©m#p©3S;3B. 
fiia«@#tci6i;r^«B 1 o 2 tcm&ztir®Mtt*> 30 

©4RHW: LTEWWfi 10 2c {cBBtSHbTWE 

MB, fi^^©mE^^bafc.i:u : m^©^ftfl© 
$t-£>-5. 40 

[0072] &m%9 0 B. Bfl)DSn&^«fiHiftfi# 

fcj£cr*a»i 0 2*3^-ra?"j*«ii«^tej;o t Mj»j 
*«B«»©iBiK*4HaaR*«-r* r f* ♦ y -hw 

ft/jN&*i£/7 bimtmemmwK&zmisii* 
s<cwcoi,»TB»tcBL<iMirr5) **rr**s 

STB. «/N4«i/7 bitm 6 3MHZT4D5. H 
«tc. HI 7fcw3ttTt»S*34JBifflR(6S (CWC 50 
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hB»9 7 8MHZ-C413S. C*l6©BM>tCB«& 

W4*+y-w3#jiaa»tt. ^n-en. &963mhz 

*s«ty9 7 8MHz-C*5. 

[007 3] CORF*t!H'I*WaHI90KJ:-) 
T|B43*ifca. »RF*+Vt(i#Bff«7^;b*- 
9 2fcJ:o'CjSig3n. ■o?{ciSJiigMK3>7 r >-!t9 

£Sggl 0 2«*r«-£B89 l©89©3»(ctt£3ti 
5. 

[0074] ^ISlg^ftfi^tCjED-CittgS 1 0 2 J&ljjs 

J©S88R©i/7 MCjBHLT. 0B9 l©v— F954 
HJ*X- F 9 6 <b©fffl£jitoRF** U-f ft#©— SP» 
#£SS 1 0 2 ttOTft . RF + t'J +«#© C ©SB 

#©* * 3 b. m^m i o 2 asjvrswtr 5 > # 
>^*jj;yf^SK:tS#^4. ^©emiu-c. y-F 
9 5 1 f 9 6 iora^JitfR f * * y © 

ttff B. fija»fi#©«BEKfk«©ffffiK <fc -> ■cSISItt 

B. -V. 0Vte«fctf+V©Rargfbf SSEfcWTS 
6..0 0 kHz«iam#4^Lr9 63MHz+t y-WI 
f««RW4fc»K. HI 5fcjSSnrc»*J:9* 

*++y+«#B. RmBEftf*fi±2dB©*9A« 

(H15K-3i»-c©T©«!i*«H) . 
[ 0 0 7 5 ] H 1 ( b ) B*»8©£BT**SIB» 
*ff^fcA©liK©f6©^JteBtt*^'riftMHT*S. 
HI (b) KjS$*i-5H8S9 3BH1 (a) (C^SnS 

a 1H 0 4 # ^ f > F tcSttS l> * A-CttRtt 
•»Tl»5. HB9 l©(Wl<b ISJ^fC. »HB9 6Bffifl 
IHBaB>fi^*l8*Stf. MM9 0B, MM 10 

2 ' ©iiyij^jiig^i^yiJSffi^iS^t ©M©««» 
**rsRF*i-y+e#*«43*s. t©ffi^ism 

#BWR9 8. 1 OOCCEPjDSn. RF*t'J+tfB 
g^9 2. 9 4tCEPft]3n. -?-*ie>B±rKWLfc©i 

h»ki*<. siMHrw«r(c^Mii 0 2- (caijjn 

Sn. cnKJrOmSl 0 2a' . 102 b' IH©BE« 
W41 0 2 c' K«W*J4C4. C©mWB. frKiftB^ 
Ufcil5«{c. fiH«lt#©raE<iaKX¥ffltcJ:-aT 
S^S10 2' <D4^*-*^XttV\C&mm>L 

mszvwmmm&'s'? b$nz. seo-c. rf 
v+f§mfi®m 3*s- F 9 5 i o 

2' -jlA-CStSS 1 0 2 ' KEPJnShtelft. C©^# 

b. BUBKtsB-rswKia-sT. fiffiensn^^ 
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tt£i>. c aym^mt titcfsmmij v - f 9 6k« 

[0 07 6]±r&'<fcJ:5K:. SI (a) ©@SS9 1 
Z&m l/t+t y +fl»*ffi*B80ir 5 C £ & r * 5 . 

gfiggoB. #&&&$ftfc&jggi 02© 
* ♦ y s . c *n*. aim 1 0 2 (cep 

DDS hfcS5IW5lll*fll^«)IS*i OT. &Sjg 1 0 2 *J 10 

1 0 2tcEnJra-rsi. aam&s8»te-it©*E©5g{b*© 

&ffigl O2#0 l"5{C^SnrC>-5fc©i|5ltt©S« 

Ri£3fa««*t. asbi 0 2(cEnflnsnsffijs»<g 

*t#-V, 0V. *j«tc;+V©|BIt^{b1-*«E«:t>-3 
Tt»Sft8W&tf*l.»K:B, »977. 5MHz©JS$ 
^ftS + t VHIWcfttt 2 8- 0(HgS/7 
05. 20 
[007 7] 01 (b) ©@8S93*ftfflOT+f'; + 

^*tt«sirrsc£fc-c**. c©j£ffl©fc&«:, 
0SS9 3 »fr«:SiW0fc©4|iitt«:flatti-swtift>. 
jmsob. awmstix\.*&mmio2' ©e 

JWftflT^©«*fl!)tt*iL'C. &JSgl0 2' 
*C*4. ffi-s-C. CO*t'J+«f4J«ai0 2' 

KEPttrrs*. CTfiflttffi4©«E©S{bft©fMiic 30 
fc* ♦ y +flw«a* f 9 6 (ctt*ss h. fiMMt 

#Ba -f ;H 0 4 t/"Cffl««Rf 5 > F^lflltt 6 
[007 8] BB9 1 SfcOBRg 3 tfffl&DJltttCfc 

i>rao-ct»i3&>£^*»ta:, •en-en©@K*^fi£i-6 
■*©■/> tr-#>*«:j:*. fc£*tt\ ^nstHllia 
©«Sjg (01 (a) #M) ». »-r>tr-y>^n» 
©fcK>ce*<>*b*j: < f»r4. 

[007 9] *IHPi©BAW&»Btt, K«5 0 OMH 40 
z &4>ft <H3GHz tcR.MUfl©Jlttft* W? 5 
RF + + y+«**WBW*fc»tMBH*«C£** 
4>fc< tfc± 3 OdBm©RFH^U'<;l'T'Silf / P 

± 3 0 sJOU b <0mE t K H z *> 6 M H z (CS^ISffi©* 

©sissK i «tr fiffiMKxnfi#(c(Cs o x w«© 

V&lWi'jZtlfiViSZ. £tc> ±28**;H-, 600 

KHz©^ssfiJi«^*fieffl-r*tf*t»(cfcc>T:+ + 
y +fl»©2i>& < i 5 xewBawaiis ti-ci> 

•5. 0*»U R F + f .ytm-^©^ <<!:*> 3 0%©tg 50 



®RJ¥ 10-126160 
22 

ukjh- * & o (cd>& < i i • * y 

[ 0 0 8 0 ] 0 1 4~ 1 7 B. S5>Jic£fcB&5IJ{d£& 

5*vcvc\ *&£©-f>t-#>*©2o©#-h*:fr 

"J- 5 1 > 1 » 4 B A W£^©JSiftttIfcg*jS 

*. arc, 3o©«»it»iMiH:. a. < 
t. ntuc. 3o©(4tBj£;stt«tt t *ti*«v ji. * 

[008 1 ] Hi4B, *«aa«snr(,»4f«tt«t2 

#- F B AWfttiS©^®Sit;S*jn-ry77-C*S. . 
SBE#-Ftt. 1 kQ©*-f>hT-y>^**rS. C 
©W-Ctt. ItfK^yggB. 20 6 0nm©J13©ZnO 
g<b, 400nm©Jf3©S iO.lt^WL, 330 
M m x 3 3 0 u mO&fffit&mtZ. 
[0 082] mi 5«. *MflB*t3*lTI,»S2#-FB 

h«J^-f>t-y>^ 1 kQ) *^fTS. 

C©f^-Ctt. i5IB^ffig«, 1 6 5 0 nm©Jl$©Z n 
Omt, 1 1 4 0nm©Jf$©S i 0,Hi4Wt> 3 
3 0ymx3 3 0am©Wffi^ffi*^r-rS. ±f 
2^cJ:5K. fiMtttt 60 0 kHz) * 

#*«IB#»B«:EI«ll|-r * i. 9 6 3 MH z ©=F t 'J t 
fl-SfB fi±2dBO, «|BBt^b***9AJI*lt*. 
[008 3] 01 6B. ja5UKffiHShrc>*2*-h 

-F«e-r >f-y>^ (fc<t*.B\ 2oq) twr 

C©Wt?tt. &Wi&li 1 7 0 /imx 1 7 0 Mm©S 
[ 0 0 8 4 ] 0 1 7 tt« ■9lHMIStiri,»«fm«2 

#- f b a w«jgg©ji?s^ic;s*^-r ^7 7 

^K#-FBft^>e-y^ (teiAtf. 5 0Q) 4 
COW-Ctt. Si^B^gBBl3f5 0Q©-f>K 
-y>XKffl^-rS 232ymX232 w mCffi^^* 
C©W"CB. fiSjfi (fciiB. 600k 
Hz) m^^flfB^JigfCEpjp-rei. 9 7 8MHz© 

jwsfttwi-s* * y -Wi^B, «n(ctt#r «M± 3 

dB©*5AlI=fetSS. 

[0 08 5] 01 8B. ffltoZtitt 8 
V, 0V. *iJ:y>'-2 8 VO) 

01 9B, m&WfiQ 5 lMHzORF + t 
U1»m#i. JijS^*36 0 0KHzr«ifi*S8Vpp© 

<Bjra&Mrc & tcsrr *mfie^g©aijs§ nfcfu 
ffi6S€;^-r^7 7-c*-5 e 01 gtcte^r. stfiBffj 

35 (dB) . «f*B®ia» (Hz) fcjjrT. 01 9CC^ 

$nT^5«t5{c. 6 oo kHzr-y--< f^of^w 
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t> (Sideband spikes) 
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